Little is known about the nature of diseases aggravated by pregnancy or the magnitude of mortality from causes indirectly related to pregnancy. This study aims at clarifying the contribution of indirect causes to maternal mortality by analyzing the problem from an epidemiologic perspective, using population-based data from Matlab, Bangladesh, for the period 1976-1993. The time spent during pregnancy and the puerperium was considered a transitory exposure period in women's lives, and death rates were calculated for women aged 15-44 years, while exposed and while not exposed. During or shortly after pregnancy, death rates from all causes are more than twice as high as outside this period. Once direct obstetric causes and injuries are excluded, the death rates among women while exposed are substantially lower than the death rates among women while not exposed. Several interpretations of this finding are discussed, particularly the role of selective factors ("healthy pregnant woman effect"?). This study highlights the complexity of the concept of indirect causes of maternal mortality and clearly illustrates the inherent difficulties in estimating the excess risk of death attached to pregnancy and the puerperium. Am J Epidemiol 2000^ 51:300-6. cause of death; maternal mortality; mortality; women Ten years after the Safe Motherhood Initiative was launched, the difficulties in the measurement of maternal mortality are far from being solved. Many pregnancy-related deaths still go unnoticed or unreported, and substantial errors in the estimates of maternal mortality persist (1, 2). In addition, the very nature of diseases aggravated by the pregnancy remains uncertain, and the extent to which deaths coinciding with the pregnancy are in effect caused by it has not been clearly appreciated. While there is no doubt that deaths from direct obstetric causes, such as those due to eclampsia or obstructed labor, are attributable to pregnancy, less certainty exists with regard to the so-called indirect causes and with regard to deaths from intentional and unintentional injuries.
Ten years after the Safe Motherhood Initiative was launched, the difficulties in the measurement of maternal mortality are far from being solved. Many pregnancy-related deaths still go unnoticed or unreported, and substantial errors in the estimates of maternal mortality persist (1, 2) . In addition, the very nature of diseases aggravated by the pregnancy remains uncertain, and the extent to which deaths coinciding with the pregnancy are in effect caused by it has not been clearly appreciated. While there is no doubt that deaths from direct obstetric causes, such as those due to eclampsia or obstructed labor, are attributable to pregnancy, less certainty exists with regard to the so-called indirect causes and with regard to deaths from intentional and unintentional injuries.
Indirect maternal deaths are "those resulting from previous existing disease, or disease that developed during pregnancy and which was not due to direct obstetric causes, but which was aggravated by physiologic effects of pregnancy" (3, p. 1238) . Pregnancy is known to unfavorably influence the course of certain chronic diseases, such as diabetes or cardiovascular diseases. However, the way pregnancy affects the immune status and susceptibility to infections is not yet clear, and the presumed association between pregnancy and diseases such as tuberculosis, measles, or malaria has not been supported by strong epidemiologic evidence to date (4) . The relation of pregnancy to human immunodeficiency virus (HIV) and acquired immune deficiency syndrome (AIDS), which is becoming the leading cause of death in a number of countries, is still being investigated, although a recent study has suggested that pregnancy may not accelerate the progression of HTV disease (5-7).
As indirect causes of death are assumed to be causally related to pregnancy, their identification requires establishing causality. In most developing countries, the causes of death classification rely on verbal autopsy methods that are unable to demonstrate causality. For this reason, all deaths of pregnant or recently pregnant women that are not due to either direct obstetric causes or injuries are often called deaths from "indirect causes" and are included in the numerator of the maternal mortality ratio (8, 9) .
Although deaths from injuries are not generally considered maternal deaths, some studies suggest that intentional injuries, and possibly unintentional injuries, may be more common among women when they are pregnant than when they are not In New York City, for instance, the risk for homicide was found to be higher among pregnant Black women than among the general Deaths Attributable to Childbearing in Bangladesh 301 population of Black women (10) . Among pregnant young women in Bangladesh, suicide accounted for one third of the deaths in those not married, compared with only about 10 percent in those married (11) . Some authors have even supported the idea that women may be more prone to accidents during their pregnancy (12) .
Given the uncertainty concerning the very nature of conditions aggravated by pregnancy and the likely inaccuracies in the classification of causes of death, some experts in maternal mortality in developing countries support a time-of-death definition of maternal death: all deaths to women who are pregnant or recently delivered regardless of the cause of death (12) (13) (14) . In addition to the conceptual simplicity and ease of implementation of this definition, it is argued that the inclusion of deaths not attributable to pregnancy or delivery is far preferable to the undercount of attributable deaths, assuming that in developing countries an overwhelming majority (80-95 percent) of the deaths during pregnancy, delivery, or the puerperium are directly or indirecdy related to pregnancy (14) . The use of this extended definition may, however, lead to a considerable inflation of maternal mortality levels in settings where some infectious diseases may be highly prevalent.
This study aims at shedding light on the contribution of indirect obstetric causes to maternal mortality by analyzing the problem from an epidemiologic perspective, hi this approach, the period of exposure to the health hazards attached to childbearing extends from conception to the end of the puerperium, and the reference group is composed of women not going through this period. Death rates from direct obstetric causes, injuries, and other causes were calculated separately for women while exposed and not exposed, and the difference between the rates in the two groups was examined by age. The method was applied to the data from the demographic surveillance system set in the Matlab area of Bangladesh (15) , which is a unique source of information on deaths in women in the reproductive age range simultaneously classified by cause and timing of death in relation to pregnancy (8, 16) .
MATERIALS AND METHODS

Analytical methods
Traditionally, maternal mortality levels are measured by the maternal mortality ratio, which relates the number of so-called maternal deaths to the number of live births in the same population. Maternal death is defined as a "death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management, but not from accidental or incidental causes" (3, p. 1238). Others have extended the postpartum period at risk to 90 days after pregnancy termination (9, 14, 17) .
Although the maternal mortality ratio is very useful for comparing maternal mortality levels, it is not a conventional epidemiologic measure of event frequency. Indeed, the length of the exposure period is not accounted for in the denominator and neither are pregnancies that do not end up in a live birth. The death rate in the comparison group (women while not exposed) is not referred to. In order to relate maternal mortality to the general mortality of the population and to investigate death rates from causes indirectly related to pregnancy, the epidemiologic approach presented here considers the time spent during pregnancy and postpartum as a transitory exposure period in women's lives.
During their reproductive years, most women shift between periods during which they are exposed (pregnancy and puerperium) and periods during which they are not, while a minority remain nonexposed throughout. The total woman-years of observation spent in pregnancy and the puerperium can be derived from the number of live births, assuming that stillbirths, abortions, and ectopic pregnancies are taken into account by inflating live births by 15 percent (18), with each live birth contributing to an exposure period of 1 year that includes a period of gestation of 9 months followed by a puerperal period of 90 days. We chose to extend the puerperium to 90 days because health risks related to pregnancy are likely to last longer than the traditional 42-day period (12) , and because this cutoff was used in the definition of maternal mortality in Matlab (8, 16, 18) . Although pregnancies that end up in fetal losses have a shorter period of exposure, this is partly compensated by the fact that the numbers of early abortions are most probably underestimated.
Deaths were subdivided by cause into direct obstetric causes (including deaths from abortion, hypertensive diseases of pregnancy, dystocia, hemorrhage, and sepsis), unintentional and intentional injuries, and other causes (including tuberculosis, hepatitis, and cardiovascular diseases), and the corresponding death rates were calculated in women while exposed and while not exposed.
A priori, as deaths from direct obstetric causes occur only in women during pregnancy or the postpartum period, the death rate while exposed is expected to be greater than the death rate while not exposed, and the magnitude of the difference can be seen as an estimation of the risk of death attributable to childbearing (19, 20) . The mortality advantage of women while not exposed may not be limited to the excess mortality from direct obstetric causes. Indeed, if mortality from certain diseases is higher in pregnant than in nonpregnant women, then women while exposed will die more
from "other causes" than women while not exposed. Finally, comparison of the death rates from injuries between the two groups may clarify the possible relation between pregnancy and violence in the society under study. approximate confidence intervals for the rate difference (22) . Trends by age were assessed using Poisson regression, and the heterogeneity of rate ratios across age groups was assessed using the Mantel-Haenszel test All statistical tests were done using Stata 5.0 software (23) .
Data
Matlab is a rural area located 60 km from Dhaka, the capital of Bangladesh. The area covers a population of approximately 200,000 people and has been under a unique demographic surveillance system since 1968 (21) . Female community health workers visit every household on a monthly basis to record vital events including deaths, births, marriages, and migration, and death and birth registration is nearly complete.
Maternal deaths have been the subject of special studies covering two time periods 1976-1986 and 1987-1993 (8, 16, 17) . For deaths of women in the reproductive age range, a cause of death was assigned by physicians from information on the events preceding the death provided by the relatives of the deceased. Detailed methods of cause of death ascertainment have been reported elsewhere (8, 16) . A pregnancy-related death has been defined as a death in women aged 15^44 years while pregnant or within 90 days of delivery, regardless of the cause. Data on woman-years of exposure, live births, and deaths from all causes by 5-year age groups were obtained from the demographic surveillance system, and the death rates were compared using exact confidence intervals for the rate ratio and
RESULTS
The descriptive data on population denominators, live births, and deaths by cause are shown in table 1. Deaths during pregnancy and 90 days postpartum represent 35.3 percent of all deaths in women aged 15-44 years, and the majority (72.8 percent) of these deaths have been attributed to direct obstetric causes. Deaths from injuries represent 8.6 percent of all deaths in women while exposed and 13.4 percent of deaths in women while not exposed. Among deaths from injuries, 56.3 percent were due to intentional injuries, and there was no difference in the proportion of intentional injuries among exposed or nonexposed women (55.5 percent compared with 56.6 percent). The relative proportion of woman-years while exposed compared with the total woman-years of observation reflects the typical bell shape of age-specific fertility rates, reaching a maximum between the ages of 20 and 29 years and declining to very low values in the oldest age group.
Among women while not exposed, the death rates from all causes steadily increase with age (table 2; figure 1), shifting from 1.2 per 1,000 in the youngest age group to 2.7 in the oldest one (p < 0.001). In contrast, the age pattern of mortality among women while The rate ratio for mortality from injuries is not even across age groups. Very young women have more than twice the risk for dying from injuries during pregnancy and postpartum than outside this period. Starting from age 20, none of the observed ratios was significant at the 5 percent level.
If pregnancy raises mortality from certain diseases, then we would have expected die death rate from other causes to be higher among exposed than nonexposed women, and yet the opposite is found. Among those aged 20 and above, the death rates from other causes among women while exposed are consistently smaller than those among women while not exposed, and the rate ratios are significantly different from 1 in all age groups.
DISCUSSION
Pregnancy has long been known to be a particularly vulnerable period in the life of women, and it is generally accepted that the excess health risks associated with pregnancy go far beyond those attributable to direct obstetric causes (12) . In this study using data from rural Bangladesh, the death rates from all causes during or shortly after pregnancy were indeed more than twice as high as the death rates outside the period of pregnancy, and the distribution of this difference over specific groups of causes was examined.
One salient finding in this study concerns deaths from unintentional and intentional injuries, for which a distinctive pattern emerges in the group of very young women aged 15-19 years. Indeed, the death rate from injury is more than twice as high in those women while they are exposed than while they are not In a society such as Bangladesh, illegitimate pregnancies are socially unacceptable and may in extreme circumstances lead to suicide or homicide (11) . However, family members may be reluctant to acknowledge pregnancies in very young girls, and it is conceivable that some of the deaths attributed to suicide or homicide in nonexposed girls were in fact associated with a pregnancy. If a misclassification of this type did occur, then the true risk associated with injuries in young girls would even be higher.
Another original feature in the data was that the death rates from causes other than direct obstetric and fortuitous causes were lower in women during exposure, as if pregnancy were "protective" with respect to that group of other causes. The difference in favor of pregnant and recently delivered women is even the more surprising, since the likely overrepresentation of the poorest women among the population of pregnant women would have led to the opposite effect. In Matlab, though socioeconomic differentials in fertility have not been investigated to date, women without any formal education are known to practice less contraception than do women in the highest educational groups, and they are likely to have higher levels of fertility (24, 25) .
Certain assumptions underlying the denominator populations may have affected the results. First, we may have underestimated the number of pregnancies by assigning a mere 15 percent of all live births to abortions and stillbirths, although this effect would have been partly compensated by allocating 1 year of exposure to each pregnancy loss (26) . Second, the 3-month period assigned to the postpartum period of risk in this study is more extensive than the conventional 6 weeks. Nevertheless, restricting this period to 6 weeks would have emphasized the importance of direct obstetric deaths in maternal mortality and, as with the adoption of larger proportions of abortions and stillbirths, would have amplified the observed patterns. Shortening the period of exposure for pregnancies not ending in a live birth to 6 and 9 months, respectively, did not change the findings (data not shown).
There are, in fact, four possible interpretations for this apparent "healthy pregnant woman effect": data quality, differential care-seeking behavior, protective effects of pregnancy, and selective factors associated with pregnancy.
First, concerning data quality, underreporting of deaths is unlikely, but the poor reliability of the causeof-death ascertainment may have introduced a bias. The recording of deaths and births is nearly complete in Matlab, and huge efforts have been made to identify deaths among pregnant and recently delivered women, particularly those due to abortions (8, 16) . Early deaths due to ectopic pregnancies may have been misclassified as deaths among nonpregnant women, but those deaths are likely to be rather uncommon in a population like that of Matlab with relatively low levels of sexually transmitted diseases (27) . On the contrary, the physicians who classified the causes of death may have been more inclined to attribute deaths during pregnancy to direct obstetric causes, and this misclassification bias may have partly explained the observed pattern.
Second, pregnant women may be more concerned with their own health, and more services may be available to them. In Matlab, the maternity services that were introduced in 1987 focused mainly on direct obstetric conditions (15, 17) , while little care was provided for chronic or infectious diseases. For this reason, differential access to treatment for the latter group of diseases is not a likely explanation of the difference in favor of pregnant women.
Third, concerning the intrinsic repercussions of pregnancy on health, the common belief that the stresses of pregnancy lead to a breakdown of immune resistance allowing infectious diseases to set in is not yet convincingly demonstrated. The widely acknowledged association between tuberculosis and pregnancy has been challenged recently, and the authors conclude that tuberculosis is not associated with pregnancy (28, 29) . The adverse effects of malaria during pregnancy on maternal health have been postulated, but the increased prevalence and density of malaria parasitemia in pregnant women are not necessarily associated with symptoms in the mother, and their effect on maternal ill health is uncertain (30, 31) . The role of female hormones in the excess measles mortality in women of reproductive age is speculative, and no direct evidence of an association between measles and pregnancy exists (32) . For the vast majority of infections, there is little evidence to support the view that pregnancy increases their incidence or severity (4) .
Pregnancy is known to have some beneficial effects on health, but this is appreciable only over the long term. Childbearing may confer long-term protection against cancers of the breast, ovary, and endometrium (33, 34) , but to date there is no evidence of any direct protective effect against certain diseases, be it during pregnancy or immediately after childbirth.
Fourth, concerning the selective factors associated with the exposure under study, it has to be stressed that the relation between pregnancy and health goes both ways, with the health status of women influencing, to some extent, their reproductive behavior and fecundability. The group of women contributing to the person-years of observation while not exposed is heterogeneous, comprising a large majority of women who are between two pregnancies or have completed their childbearing and a minority of women who are infertile or unmarried. In Matlab, unmarried women have been shown to have a higher mortality than married ones (35) , and infertile women may be at increased risk for death when the condition underlying their infertility is potentially lethal, or if childlessness carries a social stigma. However, the proportion of either group of women in the nonexposed group is too small to substantially raise the mortality level.
Selective factors also operate among fertile women. Severely malnourished women have been known to have lower fertility rates, although the effects of chronic malnutrition on fertility remain inconclusive (36) . Recently, negative associations have been reported between HTV infection and pregnancy, and the population of pregnant women may have a lower prevalence of HTV infection than does the general population (37) . More generally, women suffering from disabilities or chronic diseases will be less likely to become pregnant because of behavioral or biologic causes, and they may be underrepresented among pregnant women. This selection bias may generate lower cause-specific death rates from the diseases concerned in pregnant or recently delivered women, even if the disease is more lethal among pregnant women than among nonpregnant ones. Factors of this nature have also been suggested as an explanation for the lower mortality in parous women compared with women who had never had any children (34) .
In conclusion, this study highlights the complexity of the mere concept of indirect causes of maternal mortality, and it clearly illustrates the inherent difficulties in singling out deaths attributable to pregnancy and the puerperium. Deaths from accidents, suicides, or homicides are not usually considered due to the pregnancy, yet they may be indirectly related to the pregnancy. More importantly, even if the changing physiology during pregnancy is associated with an aggravation of certain diseases, the corresponding excess risk cannot be quantified because those diseases are likely to reduce fertility of the women, be it for physiologic or behavioral reasons.
The findings presented here apply to a population with a specific epidemiologic profile. In Matlab, tropical diseases such as malaria are absent, and HTV infection is not a major public health problem. To better understand the relation between pregnancy and disease, researchers might extend this type of approach to other populations, where diseases believed either to reduce fecundability or to be aggravated by the pregnancy are highly prevalent.
